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sacchariﬁcation have been carried out on potato pulp
tein and . . ash . Sugar-beet pulp includes : .
mercial food-processing enzymes, Pectinase PL “Amano”
With the aim of maximizing the use of potato and sugar-
dry matter : . . pectin, . . cellulose, .
sampling. Powdery sugar-beet pulp was a gift from Nip-
Potato pulp and sugar-beet pulp are by-products from
(a pectinase containing cellulase from ),
glucosidase and xylanase from ), Bio-
: With the goal of e ective utilization of potato pulp and sugar-beet pulp as foodstu s, we
developed a simple and practical method for partial liquefaction of the pulps through the use of
commercial food-processing enzymes. To improve the liquefaction process, swelling of insoluble com-
ponents and gelatinization of starch in the pulps were performed by autoclaving at for min
prior to enzyme treatment. The liquefaction rates of the components in the autoclaved pulps were
calculated from the dry weight of the residue obtained after enzymatic liquefaction. A screen of sev-
eral commercial enzymes revealed that Pectinase PL, Cellulase A and Biozyme A ( -amylase prepara-
tion) were the most e cient enzymes for liquefaction. Using a combination of these three enzymes,
the components in the autoclaved potato and sugar-beet pulps were digested with liquefaction rates
of and , respectively.
: potato pulp, beet pulp, liquefaction, food-processing enzyme
the manufacture of potato starch and beet sugar, re- and sugar-beet pulp . However, very little screening
spectively, and are produced on a massive scale in Hok- for superior commercial enzymes has been performed.
kaido, Japan. The two pulps contain many useful com-
ponents. Potato pulp includes, as the percentage of beet pulps as food materials, we screened combinations
of commercial enzymes for their e ectiveness in lique-
. hemicellulose, . . starch, . . pro- faction.
Raw potato pulp was provided from a potato starch
. pectin, . . cellulose, . . hemicel- factory at Koshimizu agricultural cooperative in Hok-
lulose, . . sucrose, . . protein, . . lig- kaido, Japan and was freeze-dried immediately after
nin and . . ash . The use of these pulps, how-
ever, is limited to livestock feed and compost because pon beet sugar manufacturing Co., Ltd., Japan. Com-
they are insoluble in water, not fermentable by yeast,
and perishable.
Studies on the bioconversion of agroindustrial by- Cellulase A “Amano” (an endo- -glucanase contain-
products for useful purposes have revealed that, com- ing exo- -glucanase, -glucosidase, xylanase and pec-
pared with direct fermentation, conversion with en- tinase from ), Cellulase T “Amano”
zyme preparations has two merits : enzymatic liquefac- (an exo- -glucanase containing endo- -glucanase, -
tion does not require costly equipments and prolonged
reaction times, and it does not consume useful constit- zyme A (an -amylase containing protease from
uents. A number of studies of enzymatic digestion and ), Biozyme F SD (an -amylase containing
By
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nations of enzymes. The enzyme reactions were carried
The precipitate obtained by centrifugation ( , g,
and Celluclast . L (a cellulase from )
pulp as e ectively as Pectinase PL “Amano”. When Bio-
preparations capable of liquefying water-insoluble com-
was superior to Pectinex Ultra SP-L for both potato and
sugar-beet pulps. This was of interest because Pectinex
reduced amounts of protease from ), Screening for enzyme capable of liquefying
insoluble components in autoclaved pulpsAmylase AD “Amano” (an -amylase from
), Gluczyme AF (a glucoamylase not containing
transglucosidase from ), and Kleistase
M (an endo- -amylase from ) were a
gift from Amano enzyme Inc., Japan. Pectinex Ultra
SP-L (a polygalacturonase from )
were donated by Novozymes, Denmark. Hemicellulase
(H- ) containing cellulase from was
purchased from Sigma-aldrich Corporation, U.S.A.
To improve the enzymatic liquefaction of insoluble
components, the swelling and gelatinization of starch
in the pulps were carried out as follows : . g of dried
pulp was added to . m of pure water in a test tube,
and was autoclaved at for min. To the auto-
claved pulp, . m of the liquid enzyme or . m of a
(w/v) solution of the solid enzyme was added to
liquefy water-insoluble components in the pulp. The
enzyme solutions were ﬁltered ( . m) in advance for
sterilization and removal of insoluble stabilizer. Judg-
ing from the liquefaction ratios, the amount of enzyme
added was in excess for the substrate in all of the reac-
tions. The same procedure was followed for the combi-
out at for hr by shaking. The pH of the reaction
mixtures was not optimized for the enzymes because
the liqueﬁed pulp was intended to be ﬁt for human
consumption.
min) of the liqueﬁed pulp was vigorously washed Ultra SP-L has been reported to be more e ective for
times with pure water. The dry weight of the precipi- the liquefaction of soybean milk residue (okara) . Cel-
tate was measured after drying on an aluminum tray in lulase A “Amano” liqueﬁed the residue from potato
an air incubator at overnight. In previous studies
on liquefaction of the two pulps, the liquefaction e - zyme A ( -amylase preparation) was applied to the po-
ciency has been determined by measuring the decrease tato pulp, the liquefaction rate was . . To detect
of polysaccharides such as pectin, cellulose and starch. starch remaining in this suspension, it was applied to
However, this method is unsuitable for unknown insol- an iodine-starch solution which contained (w/v) io-
uble components in the pulps. We chose to assess the dine and (w/v) potassium iodine. The iodine-starch
liquefaction rate simply and directly by calculating the reaction was negative indicating that starch in the
ratio of the dry weight of each sample to that of a con- suspension was completely degraded by Biozyme A.
trol in which an equal volume of sterilized water was Based on these results, Pectinase PL “Amano”, Cellulase
substituted for the enzyme solution. A “Amano” and Biozyme A were chosen for further
Table shows the results of the screen for enzyme examination.
Next, we improved liquefaction of the two kinds of
ponents in autoclaved pulps. Although the reported autoclaved pulps by combining the selected enzymes.
main components of the cell wall, such as pectin, cellu- The combination with pectinase, cellulase and -amy-
lose and hemicellulose, in potato and sugar-beet pulps lase showed the highest liquefaction rate : . and
were very similar, the potato pulp was more readily . in the potato and the sugar-beet pulps, respec-
liqueﬁed by all of the enzymes. Pectinase PL “Amano” tively (Table ). This result contrasted with a study by
B that reported opposite results by meas-
uring reducing sugars from pulps. This was probably
Trichoderma reesei
Aspergillus oryzae
Bacillus
subtilis
Rhizopus niveus
Bacillus subtilis
Aspergillus aculeatus
Aspergillus niger
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Enzymatic high digestion of soybean milk residue (Okara).
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Practical Liquefaction of Potato Pulp and Sugar-beet Pulp by Commercial Enzymes
)
W., ( .) Application of cellulase and pectinase from
fungal origin for the liquefaction and sacchariﬁcation of
biomass. , .
) S , L. and S , G., ( .) Application
of a multi-enzyme complex in the utilization of potato
pulp. , .
) N , E., ( .) Utilization of potato pulp for baking
of bread. , .
) M , F. and H , J.-O., ( .) Potato pulp :
microbiological characterization, physical modiﬁcation,
and application of this agricultural waste product.
, .
) H , F., M , A.EL and A , K., ( .)
Application of polysaccharide enzymes in beet pulp.
, .
)
sugar beet pulp using engineered bacteria.
, .
) L , Q., ( .) A study of enzymatic hydrolysis of starch
in potato pulp. , .
) K , N., M , A., I , H. and S , T., ( .)
, .
)
The manufacture of vinegar made from potato pulp
fermented with NBRC .
, .
We are grateful to Ms. Mika N and Ms. Yuria
U of the Department of Food Science and Technology,
-
tion with fungus, followed by alcohol fermentation with
will be numerous. Fuel ethanol has been made from po-
Liquefaction of insoluble components in we tried to fermentatively produce ethanol and acetic
autoclaved potato and beet pulps by a acid from the potato pulp liqueﬁed with the three-
combination of selected enzymes enzyme combination. Using alcohol fermentation with
and acetic acid fermentation
with su cient amounts of etha-
nol and acetic acid were formed at each step (data not
shown). In conclusion, the three-enzyme combination
identiﬁed in this study is e cient at liquefying both
potato and sugar-beet pulps and has the potential to
facilitate the production of alcohol, acetic acid, and
foodstu s from those pulps.
Tokyo University of Agriculture, for their technical
assistant.
due to the di erence in assessment method for lique-
faction and sacchariﬁcation used in the two studies.
Although no monosaccharides were detected in the au-
toclaved potato pulp, a large quantity of glucose and
other unknown monosaccharides was detected in the
solution liqueﬁed with the three-enzyme combination
(data not shown). The pH of the potato pulp suspen-
sion before autoclaving was . and . , after autoclav-
ing. After liquefaction with the three-enzyme combi-
nation, the pH was . . The pH drop can be explained
by the de-esteriﬁcation of pectin. These data show that
su cient sacchariﬁcation was also achieved during the
liquefaction of the potato pulp.
Pulp by-products are abundant in Japan, and re-
search into their e ective uses is needed. Here we have
presented an e cient method for the liquefaction of po-
tato and sugar-beet pulps using an optimized combina-
tion of the enzymes. Potential uses of this procedure
tato pulp via liquefaction with Pectinex and Cellclast,
(pectinase and cellulase preparations), followed by alco-
hol fermentation with engineered bacteria . Vinegar
also has been made from potato pulp via sacchariﬁca
yeast and acetic acid fermentation with acetic acid bac-
teria . In addition to the experiments described here,
Enzyme Microb. Technol.,
Starch,
Starch,
Appl.
Microbiol. Biotechnol.,
Nahrung,
Int. Sugar
Jnl.,
J. Food Sci.,
J. Agric. Food Chem.,
Rhizopus oryzae J. Brew. Soc.
Japan,
Saccharomyces cerevisiae
Acetobacter tropicalis,
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